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@ Semiconductor read only memory device and method of manufacturing the same. 

A semiconductor read only memory device is disclosed, 
which comprises a plurality of memory cells each including 
drain and source regions (35, 36) separately formed on a semi- 
conductor substrate (31) of p-conductrvlty type and a gate 
electrode (34) insulativefy disposed over the semiconductor 
substrate and extending between the drain and source regions 
(35, 36). A poly-silicon layer containing an impurity of the p- 
conductivlty type is formed such that it is contiguous to each 
drain region. A silicon nitride mask (40a) having electric insula- 
tion property and anti-oxidation property is formed selectively 
on the poty-silicon layer. The poly-silicon layer is oxidized se- 
lectively except for portions contiguous to the drain regions in 
the presence of the silicon nitride masks (40a). An aluminum 
layer (43) is selectively made in contact with the poly-silicon 
layer (42) depending on the presence or absence of the silicon 
nitride layer. 
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This invention relates to a semiconductor read only 
memory device and a method of manufacturing the same 
in the manufacture of a semiconductor read only 

5 (R ° M) ' USUally 13 Writte " in th « ROM using a 

xnasK during the manufacture. such a ROM is called masR 
program ROM. Data is writfcen .„ ^ ^ ^ ^ 

»Y using one of three, extensively employed data storage 
systems, x..., a contact syste ^ ^ ^.^ electrodes 

selectively made in contact with memory cells, a SDG 

-to system, in which data is written rton Q „, • 

is written depending on the pre- 

sence or absence of transistor, and a system, i„ which 
the transistor threshold voltage is varied according to 
write data. y 

Meanwhile, ROMs are classified with respect to the 
circuit construction into those of a NOR type and those 
of a NAN D- NOR type. The former ROMs are suited for high 
speed operation, and the latter for low speed operation 
With respect to the drive system, RO Ms are classi- 
fied into synchronizing ROMs and unsynchronizing ROMs 

The NOR-type ROM, suited for high speed operation, 
features readiness of circuit design and readiness and 
reliability of data writing. Further, the contact 
system is adopted for data writing, because a data 

25 : f ritin Y tep iS ^ ^ latt6r half of the -"re process 
V* of manufacture of the ROM. 
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in a ROM adopting the contact system, e.g., one 
disclosed in U.S. patent specification 603,698, where a 
wiring layer contiguous to the drain region of a MOS 
transistor is formed on a semiconductor substrate, a 
gate electrode is formed on the substrate before an 
insulation layer is formed on the substrate surface 
inclusive of the gate electrode. The insulation layer 
is formed with a contact hole for the drain region by 
photo-etching. A conductive layer is then formed on the 
insulation layer inclusive of th"e portion of the drain 
region exposed by the contact hole. The contact layer 
is patterned by photo-etching using a mask, whereby a 
contact electrode is formed in the drain region. 

An insulation layer is formed on the entire surface 
of the semiconductor structure thus obtained. The insu- 
lation layer is selectively removed according to write 
data by photo- engraving process using a mask. A contact 
electrode contiguous to each intended drain region is 
thus exposed. Subsequently, aluminum wiring is con- 
nected to each exposed contact electrode to complete a 
ROM where data lines are formed. 

in the above ROM, however, the processes of forming 
the contact electrode contiguous to each drain region 
and aluminum wiring require mask registration. The mask 
registration requires a certain margin. Therefore, when 
the number of mask registration processes is increased, 
it becomes impossible to realize a high density ROM. 

The present invention seeks to provide a read only 
memory device, with permits memory cell size reduction 
and integration density increase without greatly chang- 
ing the manufacturing process. 

According to the invention, an insulating layer 
formed on a semiconductor substrate, on which MOS tran- 
sistors constituting respective memory cells are formed, 
is selectively etched to form contact holes on drain 
regions. A poly-silicon layer is then formed on the 
insulation layer. At this time, the poly-silicon layer 
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is made in contact with the drain regions via the con- 
tact holes. a silicon nitride layer is then formed on 
the poly-silicon layer. The silicon nitride layer is 
selectively removed according to write data. The poly- 
silicon layer is selectively oxidized with the patterned 
silicon layer used as a mask, whereby electrodes in con- 
tact with the drain regions are formed. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Figs. 1A to 1e are views showing semiconductor 
structures in a process of manufacture of an embodiment 
of the semiconductor read only memory device according 
to the invention; 

Fig. 2 is a plan view showing the same semiconduc- 
tor read only memory device; 

Fig. 3 is a sectional view of the semiconductor 
read only memory device; 

Fig. 4 is a sectional view of the semiconductor 

read only memory device at a further embodiment; 

Fig. 5 is a plan view showing the memory device 
shown in Fig. 4; 

Fig. 6 is a sectional view showing a still further 
embodiment of the semiconductor read only memory device; 

Figs. 7A and 7b show semiconductor structures in 
processes of manufacture of the semiconductor ROM shown 
in Fig. 6; and 

Fig. 8 is a sectional view of the semiconductor 
read only memory device of a still further embodiment. 

Figs. 1A to IE illustrate a process of manufac- 
turing a semiconductor read only device. As shown in 
Fig. 1a, p-type silicon substrate 31 is selectively oxi- 
dized to form field oxide layer 32 on it. Gate oxide 
layer 33 is then formed selectively on substrate 31. 
Then, on gate oxide layer 33 is formed gate electrode 34 
made of a poly-silicon layer containing phosphorus. Gate 
electrode 34 is formed by a chemical vapor deposition 
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process (CVD) or a photo-enyraviny process. The poly- 
silicon layer may be doped with phosphorus after the 
formation of gate oxide layer 33 if phosphorus is not 
initially contained. 

An n-type impurity, arsenic ions for instance, is 
then implanted into substrate 31 with poly-silicon gate 
electrode 34 used as a mask, whereby drain and source 
regions 35 and 36 are formed. 

Subsequently, insulation layer 37, as shown in 
Fig. IB, having a thickness of about 3,000 A, is formed 
over the entire surface of substrate 31 by the CVD 
process in a low- or high- temperature oxidizing atmos- 
phere, insulating layer 37 is then formed in a portion 
corresponding to source region 35 with contact hole 38 
by a photo-engraving process. 

Contact layer 39, as shown in Fig. 1C, is them 
formed on the entire top surface of the semiconductor 
structure shown in Fig. IB. Where conductive layer 39 
is formed from a poly-silicon layer, ions are implanted 
into the poly-silicon layer or an impurity is diffused 
in it, thus reducing the resistance of the poly-silicon 
layer and also reducing the resistance of the junction 
between the poly-silicon layer 39 and drain region 35. 
Silicon nitride layer 40 with a thi-ckness of about 
1,000 A, is then formed by the CVD process for instance, 
on conductive layer 39. Silicon nitride layer 40 is 
then patterned to form silicon nitride film 40a as a 
mask for a contact electrode. Silicon nitride layer 40 
is patterned at this time such that silicon nitride film 
40a from the area of contact hole 38 in drain region 35 
to an area covering a portion of gate electrode 34. 

The semiconductor structure thus obtained, shown 
in Fig. 1C, is then thermally oxidized in an atmosphere 
at 900 to 1,000°C, whereby poly-silicon layer 39 is 
oxidized except for its portion under silicon nitride 
film 40, as shown in Fig. ID. As a result, poly-silicon 
layer 39 is divided into oxide layer 41 and conductive 
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layer 42. Conductive layer 42 has a portion contiguous 
with drain region 35 in contact hole 38, while the rest 
of it extends over silicon gate electrode 34. it is to 
be noted that oxide layer 41 and contact layer 42 are 
formed simultaneously such that they are self-aligned by 
mask 40. 

Silicon nitride mask 40a of the semiconductor struc- 
ture shown in Fig. ID, is then selectively removed, ac- 
cording to write data. m this case, a photoresist 
layer is formed over silicon nitride~f ilm 40a and con- 
ductive layer 42 and then is selectively removed by the 
photo-engraving process using a mask corresponding to the 
write data. silicon nitride film 40a over drain region 
35 to be connected to data line is removed, shown in 
Fig. IE, while that which is on drain region 35 not con- 
nected to data line is left. Subsequently, aluminum - 
layer 34 is formed over the entire top surface of the 
semiconductor structure. Aluminum layer 43 is patterned 
into data lines. 

20 Fig * 2 is a P lan v iew showing a ROM obtained by 

the process shown in Pigs. 1a to 1 E . Fig. 3 is a sec- 
tion taken along line B-B' in Fig. 2. in the ROM struc- 
ture shown in Figs. 2 and 3, poly-silicon layer 34 
constitutes word lines, and data lines 45 are formed by 
patterning process of aluminum layer 43. a memory cell 
is shown enclosed in a dashed rectangle. m the ROM 
shown in Fig. 3, in the left side ROM drain region 35 is 
connected to data line 45 by poly-silicon layer 42. On 
the other hand, on the right side memory cell drain 
region 35 is not connected to data line 45 because of 
the presence of nitride layer 40a between data line 45 
and poly-silicon 42. 

With the ROM described above according to the 
invention, when electrode film 42 contiguous to drain 
regions is selectively connected to aluminum data line 
45, nitride film 40a used to form electrode films 42 is 
selectively removed, and aluminum wiring for the drain 
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regions is done depending on the presence or absence of 
the nitride films 40a. For this reason, no contact 
holes are needed for the aluminum wiring, that is, no 
margin for contact holes is necessary. integration den- 
sity, thus can be improved. 

Since aluminum wiring layer 45 and contact film 42 
are made contiguous with one another without agency of 
any contact hole, fining patterning of the aluminum 
wiring layer will not lead to a problem of contact 
resistance increase due to alumirtum layer grain size. 
Since no contact hole is formed, contact film 42 and 
insulating layer 41 are free from stepped portions. It 
is thus possible to eliminate otherwise possible discon- 
nection of data lines at stepped portion. In addition, 
the thickness of the aluminum wiring layer may be re- 
duced, so that it is possible to avoid the problem of 
electro-migration of aluminum. 

Fig. 4 shows a different embodiment of the inven- 
tion, in this instance, drain region 35 includes region 
35a having the same depth as the source region and re- 
gion 35b deeper than region 35a. Deeper region 35b is 
contiguous to field oxide layer 32. Further, unlike the 
embodiment of Fig. 3, poly-silicon layer 42 is doped an 
impurity different from the impurity contained in drain 
region 35, e.g., phosphorus. In this case, phosphorus 
introduced into poly-silicon layer 42 is re-diffused 
into drain region 35 in diffusion process, whereby drain 
region 35 is formed from deeper drain region 35b. 

Figs. 5 and 6 show a further embodiment of the 
invention. In this instance, the entire surface of the 
semiconductor structure shown in Fig. 1A is thermally 
oxidized, whereby poly-silicon gate electrode 34 is 
enclosed in insulation layer 46, as shown in Fig. 7A. 
Then, poly-silicon layer 39 is formed on semiconductor 
structure 31, as shown in Fig. 7B. Then, nitride films 
40a are selectively formed on poly-silicon 39 in the 
same manner as described before in connection with 
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Fig. 1C. Subsequently, processes as described before in 
connection with Figs. ID and IE are performed to obtain 
the ROM. 

Fig. 8 shows a further embodiment. In this 
instance, poly-silicon contact film 42 under nitride 
film 40a does not extend up to the region of gate 
electrode 34, but is substantially confined in contact 
hole 38 provided on drain region 35. Even with this 
structure, a sufficient area of coatact between data 
line 45 and contact film 42 can be obtained. 

In the embodiments described above, the gate elect- 
rode of the MOS transistor functioning as memory cell, 
i.e., the word line, is constituted by poly-silicon. 
However, it is also possible to form word lines having a 
double-layer structure formed of a high-melting metal, 
e.g., molybdenum silicide, and poly-silicon. Generally, 
the layer may be made of a conductive material which can 
contain impurities. 

Further, the above embodiments have concerned with 
the N-channel ROMs using a p-type semiconductor sub- 
strate. However, this is by no means limitative, and 
the invention is applicable to either an n-well C MOS 
structure ROM using a p-type semiconductor substrate or 
to a C MOS structure ROM where a p-well is formed in an 
n-type semiconductor substrate. 
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Claims : 

1. A semiconductor read only memory device 
comprising : 

a plurality of memory cells each including a pair 
of semiconductor regions separately formed on a semi- 
conductor substrate of a first conductivity type, said 
semiconductor regions having a second conductivity type 
opposite to said first conductivity type, and a gate 
electrode insulatively disposed over said semiconductor 
substrate and extending between said pair of semiconduc- 
tor regions; 

characterized in that 

a first conductive layer (39) is contiguous to one 
of said semiconductor regions of each of said memory 
cells and contains an impurity of said second conduc- 
tivity type; 

a mask layer (40a) is formed selectively on said 
first conductive layer (39) according to write infor- 
mation and having electric insulation property and anti- 
oxidation property; and 

a second conductive layer (43) is formed on the 
surface of said first conductive layer inclusive of said 
mask layer and selectively contiguous to said first con- 
ductive layer depending on the presence or absence of 
said mask layer. 

2. The semiconductor read only memory device 
according to claim 1, characterized in that said first 
conductive layer (39) is made of a poly-silicon layer. 

3. The semiconductor read only memory device 
according to claim 1, characterized in that said mask 
layer (40a) is made of silicon nitride. 

4. A method of manufacturing a semiconductor read 
only memory device comprising: 

a step of forming a field oxide layer (32) selec- 
tively on a semiconductor substrate (31) of a first con- 
ductivity type to obtain a plurality of separated 
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semiconductor sections for forming respective memory 
cells therein; 

a step of forming an insulated gate electrode (34) 
on each of said separated semiconductor sections of said 
semiconductor substrate; 

a step of doping said semiconductor substrate with 
an impurity of said second conductivity type with each 
said field oxide layer (32) and said insulated gate 
electrode (34) used as a mask to thexeby form first and 
second semiconductor regions (35, 36) of said second 
conductivity type separated from each other in each of 
said separated semiconductor sections; 
characterized by including: 

a step of insulatively disposing over said semicon- 
ductor substrate a first conductive layer (39) contiguous 
to each of said first semiconductor regions (35) and 
containing an impurity of said second conductivity type; 

a step of forming an anti-oxidation layer (40) over 
the entire surface of said first conductive layer (39); 

a step of selectively removing said anti-oxidation 
layer to leave a portion corresponding to each said first 
semiconductor region contiguous to said first conductive 
layer, thus forming anti-oxidation masks, (40a); 

a step of selectively oxidizing using said anti- 
oxidation masks, portions of said first conductive layer 
(39) other than portions corresponding to said first 
semiconductor regions; 

a step of selectively removing said anti-oxidation 
masks (40a) according to write data; 

a step of forming a second conductive layer (43) on 
the entire surface of said anti-oxidation layers and 
said first conductive layer; and 

patterning said second conductive layer (43) to 
form a wiring layer contiguous to said electrode films 
35 or insulated from the same by said anti-oxidation masks. 

5. The method according to claim 4, characterized 
in that said step of forming said first conductive layer 
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includes a step of forming an insulation layer (37) over 
the entire surface of said semiconductor substrate {31) 
inclusive of said insulated gate electrodes, a step of 
forming contact holes (38) selectively in said insula- 
tion layer, and a step of forming said first conductive 
layer on the entire surface of said insulation layer 
such that said first conductive layer is in contact with 
said first semiconductor regions in said contact holes. 

6. A method according to claim 4, characterized in 
that said step of forming said first conductive layer 
includes a step of forming an insulation layer (46) 
enclosing each said insulated gate electrode, and a step 
of forming said first conductive layer on the entire 
surface of said semiconductor substrate (31) inclusive 
of said gate electrodes (34) enclosed in said insulation 
layers - 

7. The method according to claim 4, characterized 
in that said method of forming said anti-oxidation masks 
is a step of forming anti-oxidation masks each having a 
mask film (40a) extending from the area of each said 
first semiconductor region to the area of a portion of 
each said gate electrode. 

8. The method according to claim 4, characterized 
in that said step of forming said anti-oxidation masks 
is a step of forming anti-oxidation layers each having a 
mask film (40) substantially confined in the area of 
each said first semiconductor region. 
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@) Semiconductor read only memory device and method of 

@) A semiconductor read only memory device is disclosed, 
which comprises a plurality of memory cells each including 
drain and source regions (35, 36) separately formed on a 
semiconductor substrate (31) of p-conductivity type end a 
gate electrode (34) insulatively disposed over the semicon- 
ductor substrate and extending between the drain and 
source regions (35, 36). A poly-silicon layer containing an 
impurity of the p-conductivity type is formed such that it is 



manufacturing the same. 

contiguous to each draip region. A silicon nitride mask (40a) 
having electric insulation property and anti-oxidation proper- 
ty is formed selectively on the polysilicon layer. The 
poly-silicon layer is oxidized selectively except for portions 
contiguous to the drain regions in the presence of the silicon 
nitride masks (40a). An aluminum layer (43) is selectively 
made in contact with the poly-silicon layer (42) depending on 
the presence or absence of the silicon nitride layer. 
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